complex and huge, and the development period is too long. Thus, recently small-sized mobile robot system has been investigated for a specific task, and program the optimal motion path on the dynamic environment [18] . There is a growing in multi-robot cooperation research in recent year. Compare to single mobile robot, cooperation multiple mobile robots can lead to faster task completion, higher quality solution, as well as increase robustness owing its ability adjust to robot failure [10] . suggested multiple mobile robots in which each mobile platform has a specific sensor for some purpose and therefore the system's task can be distributed to each mobile platform during surveillance. The feature of this system is that each mobile robot has a common motion platform, but has different sensors. Chung et al. [12] composed of one ship and four small-sized search robots for team work in hazardous environment. Balch et al. [13] and Alami et al. [14] investigated cooperation algorithm of multiple robot system. Some papers consider the problem of the multiple robot system working together. The multiple mobile robot system has more advantages than one single robot system [15] . The multiple mobile robots have the potential to finish some tasks faster than a single robot using ant colony system [16] . Multiple mobile robots therefore can be expected more fault tolerant than only one robot. Another advantage of multiple mobile robots is due to merging of overlapping information, which can help compensate for sensor uncertainty [17] . We have developed multiple small-size robot system to be applied in Chinese chess [8] . We extend the application field of the multiple mobile robot system, and program the shortest path moving on the chessboard platform using A* searching algorithm. The A * heuristic function are introduced to improve local searching ability and to estimate the forgotten value [19] . We present the searching algorithms based Chinese chess game, and use multiple mobile robots to present the scenario on the chessboard platform. The mobile robot has the shape of cylinder and its diameter, height and weight is 8cm, 15cm and 1.5kg. The controller of the mobile robot is MCS-51 chip, and acquires the detection signals from sensors through I/O pins, and receives the command from the supervised compute via wireless RF interface. The chesses (mobile robots) can speak Chinese language for real-time status using voice module. We develop the user interface of multiple mobile robots according to the basic rules of Chinese chess game on the supervised computer. The mobile robot receives the command from the supervised computer, and calculates the displacement using the encoder module The supervised computer program the motion trajectories using evaluation algorithm and A* searching algorithm for the mobile robot to play the Chinese chess game. The A * searching algorithm can solve shortest path problem of mobile robots from the start point to the target point on the chessboard platform. The simulation results can found the shortest motion path for mobile robots (chesses) moving to target points from start points in a collision-free environment. The two points are selected by two players according to the rules of the Chinese chess game. In the experimental results, we test some functions of the mobile robot to obey the moving rules of the game on the chessboard, and implement the simulation results on the chessboard platform using mobile robots. Users can play the Chinese chess game on the supervised computer using the mouse. Mobile robots can receive the command from the supervised computer, and move the next position according to the attribute of the chess. The chess (mobile robot) moving scenario of the Chinese chess game feedback to the user interface using wireless image system. 
System architecture
The system architecture of the multiple mobile robots based Chinese chess game system is shown in Fig 1. The system contains a supervised computer, a image system, some wireless RF modules, a remote supervised computer and thirty-two mobile robots. Mobile robots are classified two sides (red side and black side) belong two players. There are sixteen mobile robots in each side. The supervised computer can transmit the command signals to control mobile robots, and receives the status of the mobile robots via wireless RF interface. These signals contain ID code, orientation and displacement of mobile robots from the supervised computer to mobile robots. The feedback signals of mobile robots contain ID code, position (X axis and Y axis) to the supervised computer. Each robot is arranged an ID code to classify the attribute of the chess. Users move the chess on the user interface using the mouse. The supervised computer can controls the mobile robot moving the target position according the command. The mobile robot transmits the ending code to the supervised computer after finishing the task via wireless RF interface. The Chinese chess game system can transmit the real-time image to the supervised computer via image system. Users can play the Chinese chess game with others on the supervised computer using the mouse, or play the game on the remote supervised computer via wireless Internet. The player can move the chess piece using the mouse according to the rules of the Chinese chess game. Mobile robots receive the status from the supervised computer via wireless RF interface. There are two sides of the game system. One is the red side; the other is black side. Each side has sixteen chesses. There are one "king" chess, two "advisor" chesses, two "elephant" chesses, two "horse" chesses, two "rook" chesses, two "cannon" chesses and five "pawn" chesses. The definition of the chessboard is shown in Fig.  2 . Then we define the initial position all chesses. Such as the position of "red king" is (4,0), and "black king" is (4,9)…etc. The basic rules of the Chinese chess are found easily on the Internet. Before we want to control the multiple mobile robots based Chinese chess game. A chess engine needs to be designed and tested to ensure that all chess displacement and game rules are strictly adhered. We proposed the engine to be simple programmed basic rules of the games. The chessboard, denoted a 9 by 10 matrix, is the most important information that determine a players next moving position. We use axis position to define all chesses. First, the chessboard, denoted a axis position ( ) , x y from (0,0) to (8,9). We plot the possible motion trajectories using thick lines for the chesses on the chessboard. Then we define the game tree, and move the chess to the target position. Such as the chess "black horse" can moves to the position (8,7), (6,7) or (5, 8) . But the chess can't moves to the position (5,8) according the rules of the Chinese chess game. The chess "black horse" has an obstacle (black elephant) on the right side, and can't walk over the chessboard. We plot the possible motion trajectory for the chess piece on the chessboard. Then we define the game tree, and move the chess to the assigned position. Such as the chess "red horse" can moves to the position (0,2) or (2,2). But the chess can't moves to the position (3,1) according to the rules of the Chinese chess game. The communication protocol of the multiple mobile robot system is 10 bytes. It contains one start byte, eight data bytes and one checksum byte. The supervised computer transmits 10 bytes to control the mobile robot, and the communication protocol of the control command is listed in Table 1 . The mobile robot receives the command to discriminate the robot ID code to be right, and moves to the target point step by step, and transmits the environment status to the supervised computer on real-time. The communication protocol of the feedback data from the mobile robot is listed in Table 2 . The byte 3 and 4 represents the positions of the mobile robot on X axis and Y axis. 
Mobile robot
We develop two module based mobile robot (MBR-I and MBR-II) for the Chinese chess game. The mobile robot (module based robot-I, MBR-I) has the shape of cylinder, and it's equipped with a microchip (MCS-51) as the main controller, two DC motors and driver circuits, a reflect IR sensor circuits, a voice module, an encoder module, three Li batteries and some wireless RF modules. Meanwhile, the mobile robot has four wheels to provide the capability of autonomous mobility. The mobile robot has some hardware circuits to be shown in Fig. 3 . The encoder module uses two reflect IR sensors to calculate the pulse signals from the two wheels of the mobile robot, and calculates the moving distance on the chessboard platform. The power of the mobile robot is three Li batteries, and connects with parallel arrangement. The driver circuits can control two DC motors to execute the displacement command through PWM signal from the controller. The controller of the mobile robot can acquires the detection signals from sensors through I/O pins, and receives the control command via wireless RF interface. The switch input can turns on the power of the mobile robot, and selects power input to be Li batteries or adapter. The voice module can speak the real-time status of the environment for mobile robot moving on the chessboard. In the encoder module, we plot the white line and black line on the wheel of the mobile robot, and use two reflect IR sensors to calculate the pulse signals from the two wheels of the mobile robot. We can set the pulse number for per revolution to be P , and the mobile robot moves pulse number to be B . We can calculate the movement displacement D of the mobile robot using the equation.
The diameter of the wheel is 4.25 cm. We design the new chessboard using grid based platform to be shown in Fig. 4 . The arrangement of the chess board is 11 grids on the horizontal direction (X axis), and is 12 grids on the vertical direction (Y axis). The distance is 30cm between the center of corridor on the X axis and Y axis of the chessboard. The width of the corridor is 12cm. The mobile robot uses IR sensors to detect obstacles, and decides the cross points of the chess board. The game only uses 9 grids (horizontal) by 10 grids (vertical). We release two grids on each direction (horizontal and vertical) to arrange the leaving chesses of red side and black side. We put the mobile robots that are eaten moving around the platform. We improve the mobile robot (MBR-I) to be implemented in the new chessboard platform, and design new driver device using DC servomotor. The mobile robot (module based robot-II, MBR-II) has the shape of cylinder to be equipped with a microchip (MCS-51) as the main controller, and contains two DC servomotors and driver devices, some sensor circuits, a voice module, a compass module, three Li batteries, a wireless RF interface and three reflect IR sensor modules. Meanwhile, the mobile robot has four wheels to provide the capability of autonomous mobility. The structure of the mobile robot is shown in Fig. 5 . The controller calculates the orientation of the mobile robot from the compass module. The compass module has the error range to be 5 0 , and transmits the measured values ( ) and x y in X axis and Y axis, and transmits to the controller of the mobile robot. The mobile robot can calculates the orientation angle θ is
The distance is 30cm between the center of corridor on the X axis and Y axis, and the width of the corridor is 12cm. The mobile robot uses three IR sensors to detect the signals on the front side, right side and left side of the mobile robot, and decides the position of the obstacles, and detect the cross points. The definition of the orientation is east (X-axis), west (X+ Axis), south (Y+ axis) and north (Y-axis) on the motion platform. We set measurement range on the orientation of the mobile robot. For example, the measurement value of the orientation between 226 0 and 315 0 , and define the direction of the mobile robot is west. 
The parameter R (=4.25cm) is the diameter of the wheel. Furthermore, the mobile robot moves on the right side of the centre line. The tuning processing is the same as the previous method.
User interface
The operation interface of the multiple robot based Chinese chess game system is shown in Fig. 7 . There are two regions in the operation interface. The chessboard of the Chinese chess is the main monitor of the user interface. Next we explain the chessboard of the Chinese chess game, and describe how to use the interface. It can displays "communication port", "communication protocol" and "axis position" on the bottom side of the operation interface. We set the communication port is 2, and Baud rate is 9600. The start position and target position of each chess displays on the left-bottom side of the operation interface. We make an example to explain the operation interface to be shown in Fig. 7 . Players can move "black elephant"to the target position (5,8) from the start position (3,10). The bottom side of the interface can displays the start position (3,10) and the target position (5,8). We develop the operation interface using Visual Basic language for the Chinese chess game system. We make other example to explain the Chinese chess game interface to be shown in Fig. 8 . We can move the chess "red horse" from the start position (2,1) to the next position (3,3) using the mouse. The supervised computer control "red horse" chess moving to the next position (3,3). The scenario of the operation interface is shown in Fig. 8 . The bottom side of the operation interface can displays the start position (2,1) and the next position (3,3). The user interface of the multiple mobile robot based Chinese chess game system has four parts to be shown in left side of the Fig. 9 . Players can start or close the game in the part "I". The part "II" can displays the communication protocol on the bottom of the monitor, and the communication port is 2, and Baud rate setting is 9600. The supervised computer transmits the control command to the mobile robot, and receives the status of the mobile robot, and displays the position of the mobile robot moving on the chessboard platform simultaneously to be shown in the part "III". Fig. 9 . The user interface of the game.
The part "IV" is chessboard platform. It can displays the motion path that is computed by evaluation algorithm and A* searching algorithm. The operation interface of the multiple robot based Chinese chess game system is shown in right side of the Fig. 9 . There are two regions in the user interface. One is real-time image from the image system, and is equipped in the mobile robot based chessboard. The other is the chessboard of the Chinese chess game, and displays on the right side or the monitor. The players can move the chess using the mouse according the rules of the Chinese chess game. Mobile robots receive the status from the supervised computer via wireless RF interface, and move to the next position.
Evaluation method
The evaluation algorithm of the Chinese chess game uses the rule based method. Players can move the chess to the target position on the user interface. The position of the chess is not abided by the proposed rules. The user interface can't execute the command, and can't control the mobile robot moving to the target position. Players must renew the operation on the step, and obey the exact rules of the Chinese chess game. We can define the initial position of the chess piece is ( ) , x y , and define the movement rules of all chesses as following. n is movement displacement on the x axis, and m is movement displacement on the y axis. n and m of the target position must be plus integer. The positions of all chesses must obey the rules that are listed in the Table 3 at any time. Mobile robots move on the chessboard to obey the rules of Chinese chess game. The user interface knows the start position and the target position, and programs the shortest path of the chess (mobile robot) moving to the target position from the start position. We use A* searching algorithm to find the shortest path on the Chinese chess game. A * searching algorithm is proposed by Hart in 1968, and solved the shortest path problem of multiple nodes travel system. The formula of A * searching algorithm is following
The core part of an intelligent searching algorithm is the definition of a proper heuristic
g n is the exact cost at sample time n from start point to the target point.
( )
hn is an estimate of the minimum cost from the start point to the target point. In this study, n is reschedules as n′ to generate an approximate minimum cost schedule for the next point. The equation (5) can be rewritten as follows:
We make an example to explain algorithm. Such as a mobile robot move to the target point "T" from the start point "S". The position of the start point is (2,6), and the target position is (2,9). We set some obstacle on the platform. The white rectangle is unknown obstacle. The black rectangle (obstacle) is detected by the mobile robot using A* searching algorithm. We construct two labels (Open list and Close list) in the right side of Fig. 8 . The neighbour points of the start point fill in the "Open list". The "Close list" fills the start point and evaluation points. We construct label on the first searching result to be shown in Fig. 8 . We
calculate the values of ( ) ( ) , g f nn and ( ) hn function according to the pulse numbers by the encoder of the DC servomotor, and use the proposed method to compare the values of the function. We select the minimum value of the function ( ) f n to be stored in "Close list". We can find the target point on the final searching result to be shown in Fig. 10 , and we can decide a shortest path to control the mobile robot moving to the target point. The total distance of the shortest path st C can be calculated as
In the other condition, we rebuild the positions of the obstacles on the platform to be shown in Fig. 11 . The mobile robot can't find the path st C moving to the target position using the proposed method. The total distance st C as 
Experimental results
We execute some experimental scenarios using the MBR-I robot on the chessboard for the Chinese chess game system, and test the movement functions of some chesses (mobile robots). The two players are located by two sides, and move the chess one time each other. One moves red chesses; the other moves black chesses. The first experimental scenario is "red king". The player moves forward the chess "red king" using the mouse to be shown in Fig. 12 (a) . The chess "red king" moves one grid to the target position on the user interface to be shown in Fig. 12 (b) . The supervised computer orders the command to the mobile robot "red king" moving forward to the target position via wireless RF interface. The mobile robot can calculates the movement displacement using the encoder module, and speaks the movement status using the voice module. The experimental result is shown in Fig. 12 (c) . The second experimental scenario is "red rook". The player moves forward chess "red rook" using the mouse to be shown in Fig. 13 (a) . The supervised computer orders the command to the mobile robot "red rook". The mobile robot "red rook" moves to the target position (8,2) from the start position (8,0). The mobile robot can calculates the movement displacement using the encoder module, and stops at the target position. The experimental result is shown in Fig. 13 (b) and (c).erwe The third experimental scenario is "red cannon". The player moves the chess "red cannon" to right side using the mouse. The chess "red cannon" moves to the target position (4,2) from the start position (1,2) to be shown in Fig. 14 (a) and (b). The supervised computer orders the command to the mobile robot "red cannon" moving to the target position. The mobile robot receives the command to turn right, and moves to the target position. Then it can turn left and face to the black chess. The mobile robot calculates the movement displacement and the orientation using the encoder module, and speaks the movement status using the voice module. The experimental results are shown in Fig. 14 We implement the functions of the mobile robot to obey the movement rules of Chinese chess game. Then we execute experimental scenarios of the multiple mobile robots based Chinese chess game system. The first experimental scenario is "red elephant" that is moved by the player (red side). The player moves the chess "red elephant" to the target position (4,2) using the mouse to be shown in Fig. 15 The second experimental scenario is "black advisor" that is moved by the other player (black side). The player moves the chess "black advisor" using the mouse to be shown in Fig. 16 (a) . The start position of the "black advisor" chess is (3,9). The supervised computer orders the command to the mobile robot "black advisor". The chess turn left on 90 0 , and moves to the target position (4,8) and stop. The mobile robot can calculates the movement displacement using the encoder module, and speak the movement status using voice module, too. The experimental result is shown in Fig. 16 (b) . The next step must moves red chess by the player (red side). The players (red side and black side) move one chess step by step on the chessboard each other. Finally, the user interface can decides which player to be a winner, and closes the game.
(a) (b) Fig. 16 . The experimental result for "black advisor".
The controller of the mobile robots calculates the movement displacement to be error, or loses pulse numbers from the encoder module. Mobile robots can't stay at the cross point of two black lines on the chessboard for a long time. We design the grid based chessboard platform to improve the weakness, and implement some experimental results using the multiple mobile robots (MBR-II) based Chinese chess game system. The first experimental scenario is "red elephant". The user moves the chess "red elephant" using the mouse to be shown in Fig. 17 (a) . The start position of the "red elephant" chess is (6,0). The supervised computer orders the command to the mobile robot "red elephant". The chess moves forward two grids, and turn left angle to be 90 0 . Then the mobile robot moves two grids to the next position (4,2), and turn right angle 90 0 to face the black side and stop. The user interface of the Chinese chess game system uses multiple mobile robots to be shown in Fig. 17(a) . The mobile robot can calculates the movement displacement via encoder of DC servomotor, and speaks the movement status of the mobile robot using voice module, too. The experimental scenarios use the mobile robot to execute the motion path of the chess "red elephant" to be shown in Fig. 17 (b) -(e). There is not obstacle on the motion path of the chess. We program the shortest path using A* searching algorithm. The second experimental scenario is "red cannon". The user moves the chess "red cannon" using the mouse to be shown in Fig. 18 (a) . The start position of the "red cannon" chess is (1,2), and the target point is (1,6). The mobile robot "red cannon" can't moves forward to the target position (6,1). The motion path of the mobile robot has an obstacle (chess) at the position (1,5). The supervised computer reconstructs all possible paths using A * searching algorithm for red cannon step by step. Finally, we can find out the shortest path to avoid the obstacle (chess). The path can displays on the interface using red line. The supervised computer controls the mobile robot moving to the target point from the start point using the shortest path to avoid the obstacle. The supervised computer calculates the cost f(n) to be listed on the left side of the Fig. 18 (a) . The supervised computer orders the command to the mobile robot "red cannon". The chess piece moves forward two grids, and turn left angle to be 90 0 . Then the mobile robot moves one grid to, and turn right angle 90 0 . Then the mobile robot moves two grids, and turn right angle 90 0 . Finally the mobile robot moves one grid to the target position (1,6), and turn left angle 90 0 to face the black side and stop. Finally, the experiment scenarios are shown in Fig.  18(b) -(e).
Conclusion
We have presented the experimental scenario of the Chinese chess game system using multiple mobile robots. The system contains a supervised computer, a image system, some wireless RF modules and thirty-two mobile robots. Mobile robots are classified red side and black side. We design two types' mobile robots (MBR-I and MBR-II) for Chinese chess game. The two mobile robots have the shape of cylinder and its diameter, height and weights is 8cm, 15cm and 1.5kg, and execute the chess attribute using two interfaces. One is wireless RF interface, and the other is voice interface. We develop the user interface on the supervised computer for the Chinese chess game. The supervised computer can programs the motion paths of the mobile robots using evaluation algorithm according to the rule of Chinese chess game, and receive the status of mobile robots via wireless RF interface. The MBR-I calculates the movement displacement using the pulse numbers from reflect IR sensors of the encoder module. Then we develop the MBR-II robot to implement scenario of the Chinese chess game on the grid based chessboard platform. The MBR-II robot calculates the movement displacement using encoder of DC servomotor. The chess (mobile robot) uses A* searching algorithm to program the shortest path moving to the target point. The supervised computer can controls mobile robots, and receives the status of mobile robots via wireless RF interface. Players can move the chess piece using the mouse on the supervised computer, and obey the game rules. The supervised computer can controls the mobile robot moving to the target position. The mobile robot speaks Chinese language for the movement status.
